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NIOBIUM IODILE ANL SOME OF ITS PROPERTIES,
V. S. Enel!'yanov, A, I. Evstiukhin, and G, A. Leont'ev,
INTROLUCTION.,

For some time past niobium, through the cevelopuent of engineering,
became a very perspective metal. The interest in it haa not been casual,
The metal has & high melting point | in the neighborhood of 25J0°C],

a small macroscopical cross section for the capture of thermal neutrons

{ 1.1 barns ],enc is sufficiently pliable. Niobium does not react with
such liguid-metal cooling agents &s sodium,lithium,tin,mercury,and lead
up to temperatures of 8J0°C. It has good mechanicul properties at eleva-
ted temperatures: its tensile strength at 550°C is equal to 236 kg/mml[l].

Niobium can be usea &s a construction materiual for jackets of
heat ylelding elements derived from uranium, In allsys with uranium,it
forms a yuasi-isotropic structure which increases the viability of hesat-

yielding elements, These properties maxe the metal aacaptable in nuclear
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enaergetics, Niobium appears to be u perspective material for utilization
in heat-steble alloys,finding applicution in cryotron devices which uti-
lize its surface conductivity at low temperatures,as well as & corrosion-
resistant material for the chemical industry,and so forth,

Niobium's natural resourees satisfy fully the demend for it. The
metal is containea in the following minerals: pyrochlore,eschynite,evxe-
nite,loparite,and others. Presently,s new niobium-conteining mineral has
been aiscoverea,aesiznateq as carbonatite, tne reserves of which are esti-
matea to run into several milliongof tons <j. The availability of niobium
comprises thousands of tons per year,whereas for its analogue,tantalum,
it amounts to only hunareus of tons per year {3). Miobium's reserves in
the earth's crust are greater than those of nickel,molybdenum and tungsten
tuken together.

at the present time demand for niobiummfree of non-metellic impu-
rities [consisting of carbon,nitrogen and oxygen;,has occurred. As is
well-known, these impurities ere removed from zirconium, titenium,chronium,

vanedium,ana other metals by the thermal cissociation of their volatile
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heiice compounas, The juestion arose,therefore,whether utilization of
this method for the purification of niobium coula be realized. So far,
this problem has been studied insufficiently; the published papers &are
aevoted only to thq tpermal dissociation of niobium pentachloriae; there
have been no inaications regaraing the application possibility of thermal
aissociation to volatile niobium iodices. 1t has been mentioned only in
reference books that heating cuuses niobium sentachlorice to decompose.

Luring the completion process of the present work tor printing,
there appearea & report by L. M. Chunikov,ana a. M. Grin'«<o (4, who

were successful in obtwining moicable niovium by the tnermsl aissociation

of niobium vriiocice, The fiusk temperature in their experiment was 600°C,
while that of the filament was 13500-10J0°C. The process proceeaed with the
continuous evecuation of the liberated ioaine. Observable removel of car-
bon,nitrogen, titanium,iron,uluminum,nanganeese,silicon, tungsten,and mo-
lybaenum vwes recoragea by these investisutors. The extent of purificaticn
wus not incicutea. The lead content cecreused from 0.26% in the original

3

metal to 9.097in the final procuct. The tin content fell corresponaingly



from 0.013% to 0.201%. In oruer Lo realize this process,the authors had
to prepare,first of ull,the approprisate amount of the haliue which was
then introduced into the zpparatus ana subjected to thermel dissociation.

E. M. Savitskiy and coworkers (5, have stadied some of the pro-

perties of the obteuined metal,us a result of which it wus shown, that

&
&

the initial recrystallization temperature of niobium iocice differs

o
e

=]

sharply from the recryst:llization teumperature of tne mclaing metul.

This is eviaently eussocizted with the metzl's impurities content. In this
panner,the performec _urification of niobiuwn enavies the procuction of

a metal,possessing vaiuedlie properties which are absent in tne molding

mnet=d,

Aviilable litverature aets of niobium iodices is presented in
teble 1,
THt. #PPatATUS AL PRLPARATION JF THL PrOCLESS.

The original thermul dissociation was stuaied on chlorides,but,

inasmuch as a number of shortcoxings developed,iodices began to be uti-

iizea for this purpose.
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Composition,Properties,ana Preparation Methous of Niobium loafaes.
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Ioaiae Preparstion
. 1300
Nbl s{bronze- Nb + 1,—— NbI.* | 6]
colorea crys- excess
tels],
Nb + 1 —«—EEL bl ;%% (19
excess

Nb + 2.512’—‘—+Nb15*ﬂ41

by

NbI, [gray- 2Nb15,—-><Nb14 + 1, [18]
colorea crys- Lthe 1oo‘oe is concen=
tels ), trated in the cold

pert of the tubej.

23C
kbl, blecx- 10 Al + 3NB_ O, — ¢
colorea crys-
tels ONbI 5+61 +5£1,0,5 (7}

Nb+l. 51.—~§Nb1, (4]

YCwH
bl ; | aerk 2N 548, o
gray colorev .
2 crystels) <HI (3;

* The iodioe was synthesized in &
stream of iodine vepors.

##* The ioalde was synthesized undaer
static conaitions.
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Lecomposes when heated; melts
with decompossition under its

own vapor pressure at 320°C;
reacts violently with air-
moisture,decomposes very ra-
picly in water ena alkaline s
solutions.

Keacts violently with water
and oxygen, sublimes vwhen
heeted to 3J0°C ( the subli-
mate consists of cark-greay,
metallic-like oblong plates
end thin needles: there occurs,
simulteneously,partiel cis-
proportionstion with the
formation of the more volatile
pente-icdice}’ hesting to
430°C .esults in the dispro-
portiomment to the bleck tri-
iocia€ it gives & brown-
coloreé solution with weter,
witile ¢ blue colorec solution
results with ailute hyarochle-
ric acio; it possesses pare-
megnetic preperties.

Hyurolyzes weekly in air end
rescts slowly with water ena
tlxelies] insoluble in concen-
treteo nycrochloric acia,but
is soliuble irn allute nitric

aClo. o

Lecomposes slowly by H,0 &nd hH,
in the cold,but when hesated,cecom-
roses repioly; HCl anchHNOj; acias
oxicize the ciiodide repidly;
Ez50, &tid rescts vith it onlv
at & tempersture of 1J0°C, it is
insoluble in acetone,benzine,
CHClj,cioxene,CH,CH,0H, ether,
CH3OH,petroleum—ether,ﬁ;S,CCl4,
ana CgHg § density (at 14°C) is
eusl to 5 17=5.18 g/em .



Themmul alssociutlon wus realized eqeorsin. to tne Van Arfked

L4
plan, The iouide was syntheslzea directly in the appuratus into which
niobiwi shavings,w be subjected to purification,viere previously intro-
duced |tne lathe-prepured shavings were mude from the molaable metzlj.
In order to remove iron filings tiken off the cutter us & result of
the genersatea fric;ion,the shavings were boiled for one hour with chemi-
cally pure hyarschloric acia. The resicual acia was washed off cerefully
with distillea weter,tihe shavings vere driea at z temperature of 110~
123°C, follovea by subsejuent vacuum cehycration at temperatures up to

11J)J°C for the removul of sbsorbea gases, The cshavings taus prepared

were sSlIread UNUEr vaCulli.

Tne spperatus usea for the puriéication of niobium is shown in
fig. 1. The thernal uissociation process was conductec in the horizon-
telly siteﬁtea flask 7,into which molybdenum current-lesas 13,directea
through the spur 12,cesignatea a cap,were heraetically entrustec. The
filament 3 wes oraced on the current lewcs with the aid of connec ting

» ?

ncedles, The purifiea metal 9 wus pluced beneath this filament. In order

?
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to be in & position to regulate the vepor pressure insice the flask,e
second fpur 3,was attached,vwhich among others,was slso usea to charge
the flask with the purifiec metel,to evecumte the flask,end tc introduce

iodirne into it. the flask as well as its spurs wWwere heated indepenaently

-

Fig. 1. Schemetic crawing of the sgparatus for the purification of
niotium by the thermal cissocietion of its iodides:

e o

l-- thermocouple? «<-- oven ror the heuting of the flask's spur, 3-- flask's
spur; 4-- thenmocouple; 5-- galvenometer; 6-- oven for the heating of the
flask; 7-- flask) 8-~ filamert; 9-- mettl to be purifiec; 10-- prism;

11-- oven for heating the flesk's cap, 1<-- the cap of the flask; 13-- mo-
lybdenum inlets soloerea into the cag) l4-- opticel pyrometer; 1l5-- current
transformer * 16-~ knife switeh! 17-- eutomeatic temperature regulstor:

13-~ step-aown transformer ) 13-- eutomatic trznsformer, <«J--knife switch,
2l== fuse <2-- thennocoupfe; <3-- wmperemeter; <4-- sutometic transfor- @
BT 25-~ magnetic sterter <«6—- sutomsetic transfonner; 27-- themio-

couple.
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from each.other by ovens 2,6,&enc 11, The cap temperature was mainteined

[

at 300-3209C,the flusk temperature at 540-360°C,enc the spur tempersture
at 30-140°C, As is well «nown,concensation in & closed system takes
place in sections having the lowest temperature; in our experiments,

such ¢ section wus representeo by the flasx's spur 3. Mainteining the
E e

spur's tempereture st one or the other temperature,ve were able to re-

zulete the pressure of the vapors in the flask, i.e. we viere able to

regulate to some extent the filament's rete of growth. The zutometic tem-

ereture regulstors 17 permit one to meintiin tne assigneu temperatures
P £ 3 &

with the aic of thermocouples 1l,<<,una «<7,which &re connected to these

regulators,

lodine wes introduced into the .flask without disturbing of the

-

vacuum, This wes sccomplishea in the following manner (fig.z]. For the
€ 111§

evecuation of the flesk,s two-neck T-joint,cepeble of being vacuun s
resolcerea ves effixea to the vacuum system. An ampoule,fittea with e

thin spout,conteining en essigned amount of & previously cewvereteda loaine

semple was placea in the sice spur of the T-joint. The flask wes qeteretea
s
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-]
Fig.<. & schemetic crawing for tne introauction of icaine into the flask

2 without breasirg of the vacuum,

until a steapble vacuwn {in the order of 1J mm Hg; wus attuinec,uncer
uniform heating to 400°C,efter which it wes unsolcerec in scction 4

from the vacuum systew. The flusk heving been cooled,was witlharewn, from

the furnsce,ana by gently tepping egeinst the spur's wall,the smpule's

~ & &

spout was broken' through cereful heatifng of the spur-containing smpule,

e
the iodine was dislillea into the flask. This being codpleted,the T-joint

*

ves unsoldereo from the rest of the agpuratus et s¢ction B,eng the flaslke

wes rescy for the themigl cissocistion process. It is expedient to elimi-
i P

-

nete resicual geses from tne flssk with the sia of &n absorption filezent
*

2
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This filement was mountea in peredlel %o the main one,but it was shorter
by <-3 times ana larger in diemeter by four times than the basle filament,
Lt & potentisl cifference of 3-4 volts,which did not csuse even brlghtness

of the basic filsament, the absorption filement hested up alresdy to & tem-

‘e
.

pereture of 1,000-1,100°C,anc the first portion of the metel settled on

“time . : e
it. At the seme &ll the resicual guses were sbsorbed by it, After reaching

a current of 13-16 amperes by the sbsorption filament,it was celcined,
thus reising sharply the potenviai uifference on it to 15-20 volts., Now

the mein filament coulc be warmeu up. Having completed the initiel pla-

ting prdcecses |at & I'ilament temperature excceaing 1,<5C0°C; the juestion
‘s
urose vwhether purification has reaily taren place.

.

tArerIMENILL ReSULTS,

©“

Hardness meesurements of non-smelted,aencritic-simped niobium

-

bars proveé to be mewningless it wes ueciced,therefore to smelt the

= U
original and purified metel in &n erc furnace MIFI-9-2 ana to compare

2 [
their microsections., Comparison of the microsections {fig. 3) shows that

' See the current collection,issue 1,page 106
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the secon@ phuse,which is observuble both in the non-smelted ana smelted

meted ciseppears after the iodine purificution. Ia acaltion to this, the

Fig. 3. Microsructure ot the molcing end ioaice -forms of
niobium LY 73):
a-- molcing nicbium before smelting! b-- wmoléirg-niobiunm,

smelted in the &re furnsce [not steinedj! v-- moleing niobium,

snelted im sn e3¢ furnage; g—- niobtum iolide,smelted insen eara
e furnsge.

h.
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grein bouncaries become aefined. All sections vere slalned with & mixture
»

of concentratea HF ana HRO; acics,conteined in & 1 : 1 ratio.
€
Luter on ve were successful in smelting the molaing wna ioclae

forms of niobium with an electron beam in %ucuum. The picture of the

&

grain microsections repeatea itself {fig. 4,. The seconu phuse,well

, Fig. 4. Niobiwun's microstructure,smeltea by an electronic
: beary ¢ ¥ 70]: )
a-- Niobium jocige {first Sampleli be- molding niob.j.um;
¥-- Niobium iouide _second samplej.
< 3 (=}

-

-]
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dfstinguishable in niobjium's smelted molaing fom,aisuppeared efter the

3
iodide purificetion. The grain boundurles ¢f alobium's molding form became
clesrer. Heraness ana microhurtniess mezsurements of both samples before

end after smelting by the el.ctronic beam &are presented In table 2.

Teble 2.
The zverage nercness of niobium,smelted by sn electironic beam.

sharacter of the measurea e e e ——————
Vickers hockwell Superfi- PMT=-3
sample 3J) Kg . ccale HR shel sca- <00 grem
losa b 1e losd [micro-

HEris haraness ]

S
e e s s+ e i e B o e — e e g o e e o g G o e e i S S, S G T S e S g S e

Niobium's original molcing

form before smelting

Niobium's original molding
form after smelting by an

electronic besnm

Niobium's iocice form

before smelting o ° . J

Niobium's iodide form .

smelted by st electronlc .’

&

besm

"

I3

es
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Tt follows from asts, of teble 2 that electron beam sizelting lowvers
the harcness, i.e. supplementary purification tekes pleace, The filament's

temperature intervel wag exanined from 870 to 1400°C { thre tempereture

Y

vwes indiceted by rescings on &n a OPP1P-9 pyrometer)’ it wes esteblished

¢t the sanme time.that the fine-greinec pﬁiform residqu,having.plastic.
propert}es,arg procuced at & filsment's tempersature not higher than 1,000°C,
ena in the tewperature interval of 1,000-1,400°C resicues are developed
with pooriy accretea or pon-accretea erystals having cone-like or spear-
sbéQed ro?ns. Lur?ng extmination of the crystul's surfece of the cone-like
form uncer the microscope . fig.5; it was ciséovereo that it consisted of
fire prism&t?c crystels ' the spear-shapeu crystals have & cencritic
structure Lfigiéj ana it is seen on the photogreph of the microsection
that the crystel consists of smeller priesmuatic crystels.

- Twenty five thermal dissociation processes were conuucted in
which the tempereture of the‘fil&ment,the flesk and the spur.was chan-

s

ged. It wes founa that the seaimentetion process proceeded successfglly

even when the temperature of the tuil sgction was mairteirmed al 25-40°C,

)i
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Fig. S5.tppearance of cone-like crystels of niobium iodide:
Y-SR bz'r's, macrophotography [ 7}', b-- microphotozraph of the
erystels' surfuce (X 0)J].

#ig. C.rppesranice of ¢ microsection of a cendriticeformed erysteli

t~ & Jhotogreyh of &« centritic-formea crystel X Jg, bee microstructure
of the cross section of the same orystel | X T e

IS



but with passage of time,the rate of the sedimentation process decrea-
sga. In orcer to maintuin the rate of growth;the temperature of the

tnil section had to be raised,which led to the scattering of points

on the graph relating the cependence of the fllament's grovwth rete

-

on its temperzture [fig. 7). It follows from the graph thet with the

Fig. 7. Dbependence of the filament's growth rute on its
tempergturé {the emount of iodine igtroduced into the flask

13 inaiceated in the boxes).
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elevetlon of the filament's temperatere,its growth rate &lso rises.
Here,then,ls shown the nature of the crystullizution: at a filsment®
tempereature up to 1,000°C,the plustic metai 1s precipitated; with &
further rise in the f?lamént's tempe?ature,the tediments remain compact,
they become.brittle,afier vhich clexuvage emong the trystals diminishes
and,finally,sed?ménts of nqn—éccreted crystels appéar.

The'temperature effect of the flask on -the ‘filament's rate of
'5rowth fds studieo fig. 8j. Luring Fhe precipitatiqﬂ process, the upper
leyer of tue ﬁuriflea shavings is covered with élcarﬁ layer of the lowest
ioaiée. hs & result oi'tne filament's exission,it was OVerhéated,in com-
yarison:with the flasx. The bottoa iayers of the sha&inss remain lumi-
nous for & long time end,eviaently,sre purified in the first place. The
flask'g temperature yas variea from 290 tc 583°C. It wes found that ele-
vation of the flssk! s tempersture lea to an increuse in, the rutemof
grovth,attaining e maximum,sfter whiEh 1t began to fall, Thege obser-

vetion® xxx sgree with dets obtelned By D, M. Chiznikov and A. M.

rin'ko vho hsve #tudiea the synthesis of niobium penta-,sana tri-iodides.

3

17



Fig. 8. The depenaence of the filuament's rate of growth

on the flask's temperature {filsment's temperature

¥23~340°C J:

2
1-: filament's rute of growth in¥X 10 g/cm.hour
«—- filements rate of growth in amgeres/hour
5-~ filament's rute of growth in a?/3 /hour

Lecrease in the rate of growth cen be explained through formetion of
the sli htly volatile triiodice,passiveting the metal. klevation of the
rete of growth with an incresse of the flask's tempersture to 500-630°C
Eshould be expected,since et this tempereture the lowest formed igdide

viil bgve & significent vapor tension. Jt was shown through the works



of our laboxatory,that the rate of growth is proportionsal to.the current
pot to the first power,as hau been previously essumec,dbut to the power
of /3. It is seen from the greph thet the filement's rate of growth,
expressed accorcing to the latter function [curve %; coincides with the
rate,expressed in g/cm.hour [curve 1),whereus curve rate z differs
'sharp;y from it.
?aking into account the possible overheating of the sha;ings

as the reéult of th? emission, the flask'g temperayure waé maintéined_
within temperature limits of 350-360°C. Luring the flask's heating,
rejuired for the conductsnce of the Hla}ing process,its tail section
was not heaiéa,maint&ining'its temperature at 30=40°C, hxcéss of ioaire
w&S conaensed in dt. Obs?rvatiogs have shown,moreover,that the plating
proeess proceeds.fully setisfectorily,and its rute begins to decrease
only efter all.tne io?ine hes beeA bounc. At.the same time condensatioﬁ
of iooiées in thé tail égctioh proceeas very slowly. The necessity of
gracuslly raiaing the tempersture of the tail section to 80;110°C

asndfests liself only after binding of &ll the iodine so as to maintein

19



the rate of growth oh a uniform level.

sbsorption of iodides by the diffused bers was observea afler
the process had been stopped. Washing off thes; ioalces was not always
tuccessful. Ioaldes are,however,easily wushed away from coupact seai-
nienits,

After completlon of the plating process,five forms of various
conaensates can.be cbserved in the f1a§K: i)bronze-calored‘crystals
Lpentaioaicej} é)blac&—colored crystals Ltéiiouiaej;‘j & brovn-veively
precipltate, I)ioaine crystuls; f)fine,b;ac.&—colored crystals,vhich
wnen heuted gently ere readily distilled under ;acuum w1t§ the fomation

&

of & crianson-red precipitate.

We did not conduct = syétematic stuay on the effect of tail
section temyeratufef on the filament's rate of growth,but we nqted the
‘effect‘of ioa%ne saditions on the nature of the crystallizatiop. Lt a
filsment¥s temperature higher then 1,<50°C,and a tail section temperature
lower ithen 8U°C,spear-sheped,isolated crystuls developea,provided the

flagk centulned from 3 to 10 grams of loaing per 100 grams of the

20



purifiea metal. An iodine content 5f 6-8 grems cuused the development

of elonguted,isolated crystals with rounded edges,while an iodine con-=

=

&

tent of less than 6 grams lea to the development of corystals of the cone-
likxe form.

1t was establishea through the experiments of Youtl (4,
Seibult [2),ana Shoflla (10 that niob;um's nerdness is affected sub=
stantial}y by oxygen dissolved in it; Niobium's hardness dependence oﬁ
oxygen content is presentéd'in fig. '9. Using this, graph,it is possible
to estimate accorcing to the haruness of the produced bar,the effgctiveness
of aifferent lodine purification regines.

The avedlsble literéture catu concerning the h;rcness of indu%%ial
niobium is extremely inérse 5table 3j. It is true thet the harogess de-
pends.on the materiel's censity,its thermal treatument,enc in some instun-
ces,on the.usthac of measurement. Ne;ertneless,it is impossible wo
s.ttribube such azgreht alspersion of cate to the affect of these factors.
Vulues,inaicatec oy Mecikintosh (11;,and U, Pa Kolchin (12 & e almost

snaller by twofola thun the other values | the suthors alsc do not

Wl



Table 3.

Burcness of Commeraiz? L¥cbhlun

e e A, R S e
OLICHrES
Authors ] 5 Heteyis]
Shofild holled Yep of
(10} "4.3 am in cde-
meter. .
Seibolt Bana 9¢ & 0.€
L7 pm thickness
Temperea
- sheet
O'lris- Molding
coll &ndé aftar caking
Adiller
112}
Molaing
3 efter couvle
caking with
intermecliete
forging
Mack- Not lover '
intosh then 0
hsdes .
' Leronnea
Gei- Tenperec ;
tsel
L14§
vims ¥
L2501 iLfter cold
harcaening
Toiil 1 Tempered
bhana
Q'J &G : Y
joel 5}‘!63'
Rol- Molcing after
ciin first celci-
&nd netion
others After final
Bk forging

After secony
lempering

Mnolaing after
forging ana

secont culcinstion

e S e e e

aratus una
iosa
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Fig. 9. Niobium's hurcpess aependence (eccoraing to Vickers)
on tne vxygen content aissolved in it gaccoruing to aate of
verious auinors;:

1-- Tottl's af'ta, <-- Seibolt's dataj 3-— Shofild's cata’,
4-- Shoflld's date for oxygen and nitrogen]. k

indlcate what production usethod of niobium ylelds = product heving such

& low harcaress,

Information of interest to us on this problem was found in the

oe
.

report presented by Feit sna Block (loj &t the Second Intérnational
Conference on the Pewceful Utilizetion of atomic Lnergy. As the authors
maintuin,neither reauction of the oxiae with celcium nor sroil's process

treauction of tne pentachloride witia magnesium] ao not yield a metal

&



with a small oxygen content ; they were not successful, therefore, in the
arc smelting of niobium “in ingots. Only vacuum smeltlngz by an electironic
beam lovers the metsl's hardness ana gives ingots of good jualtty,the
Brinell hurcness of which (with a loaa of 300 Kg! varies from 30 to 70.
hg/mm"“ .

For the stuaies,: wolaing fomm of‘niobium was used,which,
according to the supplier's data,hea the following composition:

&able 4.‘

AveraJe heraness of the original niobium sample

( tae molaing form;

et m e B w s M n . AD P 0 mn t . S e W BN B = Y = . Amm—— i . W e
LI

Silterof Samples
meusureaent 3

Upper side

Bottoa side

niobiwn - I9%; tentalum - 0.5%; titenium - U)6% ) iron - 0.07%} ana
gilicon < 0.J)5%. The hardness of the original metal was determined on

cylindrical samples of 15 mm in giameter bored out froam the molding.
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Haraness of its antijocsald-forming sices proved ¢4 be dissimilar,which
can,from our point of view be explained by the aifferent extent of
pressing, Results »f the mewsurement2 ure pregented in table 4.

haraness measurements of the szmples were conducted on various

aevices in order %o trace the conforuity of their rewdings for a given
netal ;results of the measurements usre presentea in tuble 5,. 1t is seen

Table 5.
daraness of niobium swmaples ueasurea on various instruments

e s 8 - B — . ® ———— et = > =8 AP - = . 4 P - —— = ——— —— —— — ———  — p -

L 0 ~H Heraness '“icroharcness

! . L PO | S
Sample! bemple Cheracter! Vic<ers,zt a'Rock-'Super-!PMT-3,at a

°0 ' loaa of 'well 'fishel'loaa of <30 g

Ve~ —_Tgaglelscle !

A G 301<gﬂR 'dems )

! L
R S e e o e e

is Temperea wmolding
form of niobium
Measurenent perfor-
med on the Bar's
butt end]

I, Niobium sheet of &
3,6 mn thickness
before tempering

v The sume after ten-
pering at 1,100°C

I7 Nioblum sheet 3f &
5 mn thickness
{not temgerea|



from table 5 that the hardness acetemlned with the aid of‘varioﬁs instru-

ments sgrees weil if the industrial uetad 3s rallec and tew®=Yed [hardness

-

znc nicreheraness of tidbium's molaing form aid no% agree: tne microharuness
values,as & rule,were much kigherj,

The compuct ioaide form of tre wdtel behuves similarly as

.

-

niobium's molding one., In this case,the microhurﬂﬁess values are found

to be higher than the hardness values,wheress the microhardness,measured.

. .

on the bur's end 1s higher than that measurea elong its forming sices.

Lepending on the plating regime,a aiverse degree of compactness

of niobium bars is proauc=a. If toth ?araness &na aicrohezraness of the
bars coula be successfulily weasurea,then 1n bars witn poérly &ccretgd
crystals,practicadly only microhurgneés coﬂla be aeternined successfully.
Accorcing W the nature of the c€y§ta;lization,tnc o?teined
filanengs in the examined temperature intefval 1 370-1,430°C) can be
diviced into four groups t{table 6). The appesrance of the bars is

shovn in fig. 10.

The appeerance of niobium's compuct tarnished bar,ena the

—~



* Teble 6.

Lepencenge of the erystatlizatlon chagaster on temperature

e AP s oA W = MW ol o o G B B R R BED D DD DB W o B m o WD DR = A D b
Group Crystallization characler of the Filamentis teampersature,
metal's ioalae form °C
e o P = o DD D D B = = > > B - D D DD P D P AW = o o ——

A Plastie coumpwct bars:
tarnishea
lustruous
B Non-plastic compect bers
v Semi-coumpect bars with unstably

accretea crystals
G LDiffuse grecipitates,gfbwn
arounag the mein filament in | .

the form of small petsls or
rounded crystals

aicrosection of its cross section are showm in fig.’ 11. As can be seen,

v

the bar of such & group has u fine=grecined structure{without pores énd
crac«s. Its plating was conauc£so alb a‘temperéture of 570-§}O°C. The
hvgrage Hp hardness ran,es from 6 to ©9 kg{cmz'. A% the cross section
well joineu crystals,crawn out in a radisl eirection are seen. The
average micronaraness,measurea on the PMT-3 apparatus with & 200 gram

. & 2
load is equal to 146-108 kg/um . Bars of such & type are well

the jrains,moreover,are strongly laminated,and the cohesion among them

o



(%)

Fig. 1. Appearsnce of bars,obteined uncer various precipitstion

re imes.

. ¥ .
* .

is not broxen. Aé & result, the coypa?t p%fstic bars,which are plated at
& filagent's temge;&ture of 933-350°C,have then such properties,but
thelr eversge aicroherdness 1s som?what'hi&ner ena {luctuates f{rom
T T P kg/mmaﬁ They are well

The non-plastic compect ber end the microsection of its crmgss

section are shown in fig. le, Here the crystals are coarse,cracss are

°
-]

'

“



Fig. 11, & tammishea plastic compact niobium bar [group A Lo

1-- sppearance of two bar secilons | ¥ 7), <-- microsection
af & bar's cross section ("X 79].

.

&een among'tﬁem .well aistinguishable on the microsection]. Such bars

ére obteined when tne-filanent's temperature 4s 953-1,135°Cland at &
hiéner.températgre,i! the purifieg metal is tempered to & temperature

of less .nan }50-iuJ°3. Their hagydness attsins velues of up to 136 xg/mmj;
the sverege uicronaruness vuaries froa 1) w 395 naﬂmfblbuch bars are
luminatea quring forging,but eracks whicn appeul aue to the poor cohes
sion of the grystels,uge forued In them| on tne phetdgraph,pores among

the grains are seen aistinctly,



Fig. 1227 & non-plastic,compact bar of nisbium [greup B j: :

a-- Appeurance of two sections of the bar X 71, b-- Microsection
of the bar's cross section (X M.

2
Fig. 13. & seai-compact bur =f niobfum , group V, with poorly accretea
crystals:

e—< tppesrupes of two sections ot the pryr ¢ Y7J' b--- microsection
of the bar's crose sfction XM, e



»

The appearance of the seml-compact bay with precuriously eccretea

g q . < S5 q
crystals ana the microsection of its cross section are presented in fig.13.
-]

Such bars are obtu%ned at & filament's temgeraturye of 1,000-1,100°C,ana

st & hi-her temperature,if the azmount 5f the iatrocucea ioalne in the
{lusk aoe® mot cxceed 5 grems per 1o0 crang of the purified metal. Tistfnct

large gups among utne crystals are Seen on the microphotograph. Such a bar

L
-breaxs when bent. Lue to the poor cohesion,the bar's hzruness could not

oe aessurea. The aversge Alcrohsrcresg,measured at the cross section is
; . . s i . :
comparatively low ana fluctuctes from 139 to lcz «g/mn™.In this case,it

is possible to estimuate the extent of purification after smelting,since

.

the microhardness messurement yielas elevetea results,

The aiifuse niobium seciuents ure formmed at & filament's tempe-

v = : .
radure Righer than 4,100°C. 1p the pieting of seaiments of such & group,
L]

¢ self-ucyustunent of the jfilement's thickness {7 is nct observed. £t tha

(-]

start of the pro®ess,tne filament's gzge increases unifonsly,but subse-
quently its outep sectdionsebeiin to overheet ena the nature of the

crystedllzatiorf on them chenges snarply. £s a result of this,there ocecur

%
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two plating processes at different temperatures in the flesk. To what

e
extent,moreover, these crystals differ in appearance from euch other,is

showvn in figs.‘lﬁ and 14. At & filement'g temperature higher than 1,2509C

(<]

& tendency for the forhatior of dendritleteshaped crystels is observed.
The szmount of iodine introcuced Inte the flesk affects the crystellizae
o &

tlon in this instence,il the temperature of the flask's spur exceeas 83°C,

i. e. when all the iocine is bounc &s the ioaide. The eppearence of

=

&

Fig. 1l4. Photograph of the ber's verious sections { ¥ 74°

a-- soluble section j b—- pleted sectlon.
crystels,formed in this case,is shown in f{1g. 15. 1{ is interesting o
-]

note that in the long run the bar's saxia? sectlon is not grown over with

>

o«
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Fig. 15. Lppearance of crystels,obteinea with aiverse iodine contents
in the flusk:

t=- Aticuler crystals with rouna ecges | the iocine contert is less than
O g per 100 g of the purifiec aetel;? b--trisnguler eage crystels (iooi-
ne eontent o-3 5 ;¥ v-- cone-lixe crystels  iocine content 6-3 graus,but

tne provwth tempereéture is lover than in the secona cese;y g-- spear-
shapec crystals , locine content of 3-10 gj.

(3
i~
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L ok} v > : ol
Fig. 1l6. kppeearence of seaiments _group G, X 7;:

e-- L portion of coarse crystels,removea from the filement; a seciment
from the zeex filement's vicirity ie seen,consisting of fime crystels,
not wccretea intc the aense layer,in spite of’ the much hi_her tempers-
ture of the filementi's axiel section,; b-- non-compa®t .recipitate in
the cross sectifnal view | lcen wre the over grown cencrites on the
filement)) v-- & portion of the filament with unsywmetricslly gsrown-
over crystels | the arrow points to the original filament,covered with
the over grown niobium crystels;! ge- crystels  rown on sections of the
filement,rainteinec at & much lover temperature them in cace v .



crystals ; instezd,only the peripnerel sections of the crystals continue
to grow. Typicusl exemples of aiffuse sediments are presented in fig. lo.
The average microhardness of dendritic-sheped crystals (sce fig. 15,
b and g] fluctuetes from 330 to 375 kg/mﬁk;where&s the everuge micro-
herdness of the 1ounde¢ crystals sce fig., 16,g] grown at much lover

(-]

oy a
temperatures does not exceed 225 kg/mm . -

The obtainea experimentel data encompasses only a& portion of

ithe possible vorking intervel of seaimentetion; for the present,there-
fore,it is premature to consicer it &s finel cate,the more so,that in
the regi;n of high flask temperatures [500-c00°C) a seconaary elevetion
in the rete of grovth shoulc be expected’ we consicer,therefore,the
cited cute us preliminary,iequiring more aefinition,
CONCLUSIONS.,

As u result of the performed work,the following conclusions
can be arawn:

1. The possibility of thermsl dissociation of volstile niobium

ioaices was confirmed.



2. As 8 result of the thermal dissociation process,a more than
twofolc decreezse in the hzraness end the aisappeurance of the second
phase in microsections of niobium iovide tekes place,facts which point
out to the metul's purificetion,

3. Orystallizetion auring sedimentation from the gaseous phase
depends on the filament's temperature [up to 1,000°C plestic compsact
sediments develop ; with the elevation of ihe filament's temperature,the
sediments become semi-compact,snu &t & temperature exceeding 1,250°C,
the seaimen®s become aiffuse,consisting of coarse,loosely joined cr&st&la].

4. The optimum regime,enabling the production of finely-gruinea
clastic bars,shoula be consicerec as follows:

Temperature of the filement . . . . . . . . . up to 960°C
Tamperature of the fl&sk « o « « ¢ o o o o & & 3%0 - 360°C
Temperature of the spur . « « « ¢« o« ¢ ¢« » o« « 40 - 80°C

Amount of iocine per 100 grams of
purified niobium shevings . . « « « + ¢ ¢« o« & 2.5 - 5.0 g.

5. Herdness of the bers,produced uncer the optimum regime
fluctuated,according to H from 56 to 6l kg/mm . The bars sre readily

.

in the cold.



6. The sedimentetion piucess proceeas even in that case when

only & portion of the ic¢dine is bounc in the iodide fomm.

7. The rate of growth rises proportionately to the increase of
the filament's temperature (&t e temperatu{e of 879°C it comprises
roughly 6 mg/ca.hOUr while &t 1.380°C,it amounts to 240 mg/cm.hour).

8, Flevetion of the flask's temperature lewds Lo & maximum
rete of growth,observeble &t a temperature of 350-3260°C, Lecreese in
the rete of growth with & further rise of tempersture is expleined by
the passiveting ection of lower formed ioaides.,

3. Under certeain conditions curing interruptions in the plating
process,there ure formed on the par'. surfuace,fine leyers of lower
joaices, If the leyer's thickness coes not exceea 0.J05 mm.it coes not
impede the continuetion of the crystal's growth, However,vwhen the leyer's
thickness etteins & velue of 0.01 mm,the earlier grown crystals sare

securely insulstec,forming new crystellization centers on which crystels

of snother form growv.

37



10. Smelting of niobium iodice through utilisation of en elec-
tronic beem was testec) at the sawe time,scaitional purification
occurred, since hardress after smelting cecreasea; however,the second phase
obsevsble on mocrosections of moloing niobium remuined,even &fter such
smelting.
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